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Abstract 

 
The automotive sector places high demands on the quality of products and services. The paper focuses on evaluating of 
the measuring equipment capability, which is used to verify the accuracy of parts for the automotive industry. It is mainly 
about verifying the suitability and ensuring relevant values for the subsequent verification of the production process 
capability. The requirements for the production accuracy and associated competence are required by the ISO 9000 series 
of standards, especially IATF 16949 for the automotive industry. The analysis was focused on the optical comparator 
Keyence IM-7000, which is used for control and rapid analysis with the minimization of the human factor. The capability 
of the measuring equipment was verified according to the methodology from Ford and Bosh.  
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1. Introduction 

 

The main idea of today's market is to speed up production processes and increase the quality of the products and 

services. Related to this is the effort to meet the customer requirements, which are constantly growing with the 

competitiveness and development of modern technologies. All these approaches seek to support the ISO 9000 series 

standards. ISO 9001 requirements focus on the product quality, maintaining the capability of the production process, high 

quality service and product delivery to customers. For the automotive sector, these requirements are extended by 

document IATF 16949, which is based on both the appropriate use of statistical methods and the maintenance of the 

competence of the production process. [1][2]. 

In this paper, we have focused on the capability, because process competence is an important aspect of the quality 

production. The main idea for the follow-up study is that appropriate and relevant data are needed to verify the capability 

of the process. In our case, a measuring equipment is used for data collection, for which it’s the capability has been 

verified. [3][4]. The aim is therefore to verify the capability of the measuring equipment, to determine the width of the 

tolerance field, where given the measuring equipment meets the conditions for its capability. This will also ensure a 

minimal impact on the subsequent evaluation of the process capability, and the associated ability to offer customers a 

consistently high quality product at economically comparable costs. 
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2. The current approach to quality in the field of measurement 

 

In this article is describe not on the evaluation measuring system (MSA, VDA 5,...), but in this article, we focused on 

measuring the capability of measuring equipment according to the methodology of company Ford and  company 

Bosh.[5][6] 

Both these methods are based on the assumption that the suitability test is performed on a real product. In these 

methods, the real product fulfils the role of a standard. The real value of the standard (the real product) must be determined 

using measuring equipment that has the accuracy of two orders of magnitude higher than that used when manufacturing 

real product. The method then consists of repeatedly measuring the value of the standard. The detected variance is 

compared with a part of the tolerance field, usually 15% or 20% of the tolerance field. The procedure of using the method 

to evaluate the suitability of the measuring equipment is simple. It is performed by repeated measurements of a standard 

(real part) for which we know the nominal values. Measuring is performed by only one operator on the same measuring 

equipment which is being evaluated and one measured part. The measured values are then compared with a part of the 

tolerance field, usually with a proportion of 15% to 20% of the tolerance field. 

The basic indicators of measuring equipment capability are the parameters cg and cgk. These indicate the value of 

repeatability (cg) and reproducibility (cgk) of the inspected measuring equipment. The method of calculating these 

parameters varies according to the methodology used (by company Ford, or by company Bosh). [6][7] 

 

2.1. Bosh 

 

Parameters that are used by the company Bosch are calculated as 20% of the width of the specification field. The 

required value of Cg and Cgk is compared with a value of 1.33 and more. The formulas for calculating the Cg index are 

as follows: 

 

 
(1) 

or  
(2) 

 

where the calculation is related to the width of the specification field T. In both cases, sp is the standard deviation of the 

process and sg is the standard deviation of the measured values. 

The second eligibility indicator is Cgk. Cgk indicators can also be determined in various ways. A method related to 

process variance or specification field width is used. The relation to process variance is: 

 

 
(3) 

 

When using the method for calculation according to the variance of the process, the relations are similar. Instead of 

the variable T, the selection standard deviation of the process 6sp is used. The relation to the specification field width is: 

 

 
(4) 

 

 

2.2. Ford 

The variant according to Ford takes into account a bandwidth of 15%. In this method of calculation, measuring devices 

are recognized as eligible if the values of Cg and Cgk are greater than 1. The relationships for the calculation of the 

indicator Cg are as follows: 

 

 
(5) 

or  
(6) 

 

where the calculation is related to the width of the specification field T. In both cases, sp is the standard deviation of the 

process and sg is the standard deviation of the measured values. 

 

To determine the indicator Cgk, the relation related to the variance of the process is used: 
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(7) 

 

The relationship related to the width of the specification field occurs after adjustment similarly to the Bosch variant: 

 

 
(8) 

 

 

3. Description of the measuring equipment and method of measurement 

 

The aim of the experiment was to verify the capability of the optical comparator Keyence IM-7000 (Fig.1). The optical 

comparator is used for control and fast analysis with minimization of the human factor. It works on the principle of digital 

photographing of the part and subsequent evaluation in the form of dimensions. The comparator consists of a main unit, 

which consists of an LCD monitor, USB ports, etc., as well as a camera with a lens and a table with a load capacity of up 

to 5 kg. 

The advantage of the comparator is the possibility of illuminating the sample at different angles and directions. 

Another advantage is the high depth of field, in the range of + - 10 mm, thanks to which it is possible to obtain a sharp 

image even on complex samples. Possibility of measuring at least 80 parameters on each of the components at once and 

the possibility of measuring min. 25 identical components at once. 

 

 
 

Fig. 1. Optical comparator Keyence IM-7000 

 

Measurements were performed after 36 repetitions by one worker, under constant environmental conditions. The 

diameter of the calibration ring was evaluated (Fig. 2). The nominal size of the calibration ring is 61.997mm. 
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Fig. 2. The calibration ring 

 

The following table (tab.1) show the measured values. 

 

Nr. Actual ø Nr. Actual ø Nr. Actual ø Nr. Actual ø Nr. Actual ø 

1 61,9960 9 61,9968 17 61,9945 25 61,9938 33 61,9929 

2 61,9970 10 61,9967 18 61,9934 26 61,9955 34 61,9969 

3 61,9975 11 61,9953 19 61,9926 27 61,9934 35 61,9926 

4 61,9943 12 61,9964 20 61,9948 28 61,9967 36 61,9976 

5 61,9935 13 61,9960 21 61,9964 29 61,9925 - - 

6 61,9934 14 61,9968 22 61,9922 30 61,9974 - - 

7 61,9976 15 61,9957 23 61,9957 31 61,9963 - - 

8 61,9949 16 61,9963 24 61,9975 32 61,9951 - - 

 

Table 1. Measured values 

 

4. Verification of the suitability of the measuring equipment 

 
As mentioned above, we focused on verifying the suitability of the measuring equipment according to a combination 

of methodologies from Ford and Bosch. 

The actual value of the standard must be determined using measuring equipment with an accuracy of an order of 

magnitude higher. In this case, the nominal value is the calibration ring diameter of 61.997mm. Based on research in the 

literature, we concluded that it is not recommended to use a method related to the variance of the process. This is because 

the variance of the process is often not known, especially for new processes and therefore cannot be used, or because of 

the change in variance during the process. [9] 

Therefore, in this case, we use a calculation related to the field width of the specification T. The determined variance 

of the measured values is compared with a part of the tolerance field, namely 20% of the tolerance field. The result is the 

calculation of the values of the coefficients Cg and Cgk, for which the Ford relations indicating the repeatability according 

to the used variant were used. Measuring equipment is considered suitable if Cg> 1.33 and Cgk> 1.33. 

Thanks to the measured values, the capability indices of the measuring equipment were calculated and the minimum 

width of the tolerance field when the measuring equipment is still suitable was determined. (see table 2) 

 

Optical comparator Keyence IM-7000 

Mean measured value: 61.99533 mm 

Calculated standard deviation: 0.00169 

Cg eligibility index: 1.69206 

Cgk eligibility index: 1.36414 

Upper tolerance limit: 62.040 mm 

Lower tolerance limit: 61.954 mm 

Tolerance field width: 0,086 

 

Table 2. Calculated values 
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5. The Conclusion 

 

The main idea was to determine the minimum width of the tolerance field of the optical comparator Keyence IM-

7000, when it still meets the conditions for a capability measuring equipment. The criteria from Ford and Bosch were 

used to verify the capability, corresponding to the repeatability of the variant used. The gauge is considered suitable if 

Cg> 1.33 and Cgk> 1.33. During the measurement, the following was observed: 

 

• the measurements were carried out by one person 

• the measurement was performed with one measuring equipment 

• the measurement was performed in one way 

• the same environmental conditions were ensured during the measurement 

• the measurement took place in a relatively short time interval, without a break. 

 

These conditions ensured a minimal effect on the measurement. The constant conditions did not affect the results of 

measuring. According to the results presented in the previous chapter, the minimum width of the tolerance field of the 

optical comparator Keyence IM-7000 can be determined. The upper tolerance limit is set at 62.04mm and the lower 

tolerance limit is 61.954mm. It is therefore possible to say that the optical comparator Keyence IM-7000 has a tolerance 

field width of 0.086 mm, when it still meets the conditions for a capability of the measuring equipment. 

Based on the analysis perfomed, we had verified the capability of the measuring device for the component 

measurement in the area of automotive, and also in what conditions is this measurement approved. By this step, the effect 

on the following verification of the process capability was minimized. There is an issue, when the capability is assessed, 

due to the large amount of input factors. The next aim is to focuse on other factors logically. As a first option, we are 

going to focuse on the machinery, which is used to produce the components. When focusing only on this machinery, we 

are also able to perform a reliability study, not only the verification of the capability of the production facilities. 
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